Background: Bladder cancer is one of the commonest malignancies among Egyptian population with high morbidity and mortality rates. Human epidermal growth factor receptor-2 (Her-2/Neu) seems to play role in the pathogenesis and prognosis of bladder carcinomas; however, its expression and prognostic significance were variable between different studies. This study evaluates the status of Her-2/Neu protein expression in invasive carcinomas of the bladder among a cohort of Egyptian patients using immunohistochemistry (IHC) and determines its relation to some clinicopathological factors.
Introduction
Bladder cancer is the seventh most common malignancy worldwide, and the eighth leading cause of cancer death in men [1] . Among Egypt National Cancer Institute series (2002 -2003) , the urinary bladder cancer was the second common malignancy (10.4%), being the most frequent cancer among males (16.2%) and fifth common among females (4.4%) [2] , which is strikingly higher than most other parts of the world. Despite the progress of therapeutic means, up to 30% of patients who suffer from noninvasive tumors in the muscularis propria and 50% of those with invasive tumors in the detrusor muscle present with recurrences or they die [3, 4] . Given the dismal prognosis of advanced bladder carcinoma, more effective systemic therapy is needed [5] .
Bladder cancer has several molecular alterations and complex biological pathways that regulate cellular processes, such as proliferation, differentiation, angiogenesis, metastasis and apoptosis. The discovery of new biological markers, may lead to the improvement of clinical prediction and the personalization of therapeutic approaches of bladder cancer patients with the purpose of reducing the risk of progression. Lately, many studies have concentrated on the evaluation of certain markers involved in the regulation of the cell cycle, among them being the human epidermal growth factor receptors, which can represent promising therapeutic targets [5, 6] .
The human epidermal growth factor receptor-2 (Her-2/ Neu, also known as erbB2 and Her-2), encoded by c-erbB2 gene localized to chromosome 17q, is a 185 kDa membranespanning glycoprotein with tyrosine kinase activity. Ligand binding of these receptors causes its dimerizations and activates the intracellular kinase domain, leading to phosphory-Manuscript accepted for publication November 15, 2013 lation of tyrosine residues and the transduction of mitogenic signals. Thus, Her-2/Neu plays a fundamental role in cell growth, differentiation survival, and migration [7] , and abnormal activation of Her-2/Neu leads to oncogenic transformation of the cell [8] .
Her-2/Neu gene amplification and/or the protein overexpression have been long time considered as bad prognostic factors in several carcinomas, particularly in breast and ovarian carcinomas [9, 10] . Recently, anti-Her-2/Neu antibody, also known as transtuzumab or Herceptin, has shown its efficiency in these tumors' therapy, both alone and in combination with Cisplatin. Consequently, assessment of Her-2/Neu status has assumed therapeutic significance [11] .
Her-2/Neu appears to play role in the pathogenesis of bladder carcinoma, however, its expression was variable between different studies, ranging between 9 and 81% [12] [13] [14] [15] [16] . Furthermore, analysis of Her-2/Neu overexpression has been the subject of numerous studies in an attempt to make correlations with clinicalpathological parameters of prognosis, with discrepant results [3, [17] [18] [19] . It has been identified as an independent predictor for disease-related survival in muscleinvasive bladder carcinomas [18] .
Aside from its prognostic significance, accurate determination of Her-2/Neu status in patients with bladder cancer has therapeutic implications [11] . So, this study is performed to evaluate the status of Her-2/Neu protein expression in invasive bladder carcinomas of the bladder among a cohort of Egyptian patients using immunohistochemistry (IHC). In addition, the study determines its relation to some clinicopathological factors.
Materials and Methods

Patient selection and clinicopathological evaluation
A number of 32 Egyptian patients of invasive urinary bladder carcinoma treated with radical cystectomy were enrolled in this study. Only invasive bladder tumors were included based on availability of representative paraffin embedded tumor tissues obtained after cystectomies, fixed in 10% formalin, processed through routine histopathological technique. Patient gender was obtained from medical records. Hematoxylin and eosin stained slides prepared from all the specimens were reviewed for histological subtyping, grading according to World Health Organization/International Society of Urological Pathologists criteria, evaluating the depth of tumor invasion, and detection of associated bilharzial cystitis. One representative section containing invasive tumor was selected for immunohistochemical analysis.
Immunohistochemistry (IHC)
After deparaffinization and rehydration, 4 -5 μm thick sections on coated slides were heat-pretreated in citrate buffer (pH 6.0 at 92 °C) and immunostained using anti-Her-2/Neu antibody (CB11, Novocastra at dilution 1:50). The avidin-biotin technique was performed using diaminobenzidin (DAB) for visualization and hematoxylin for counterstaining. Appropriate negative controls for the immunostaining, consisting of histological sections of each case processed without the addition of primary antibody were prepared along with a positive control sections prepared from breast carcinoma with known positivity for Her-2/Neu with each IHC run.
Scoring of Her-2/Neu overexpression
Immunostained sections were evaluated under light microscope independently by at least two pathologists. The membranous staining intensity and pattern were considered for scoring according the following scheme: 0, no staining or membrane staining observed in less than 10% of the tumor cells; 1+, partial faint membrane staining in more than 10% of the tumor cells; 2+, circumferential weak to moderate staining observed in more than 10% of the tumor cells; 3+, circumferential strong membrane staining observed in more than 10% of the tumor cells. Areas that were poorly preserved, crushed, folded, or retracted were specifically avoided. Scores of 2+ and 3+ were considered positive for Her-2/Neu [11, 20] .
Statistical analysis
Statistical 
Results
Clinicopathological features
Twenty male patients and 12 female patients with pathologically confirmed invasive urinary bladder carcinoma diagnosed from radical cystectomy specimens were included in this study. On histopathologic examination, squamous cell carcinoma was the most frequent subtype (43.8%) followed by transitional cell carcinoma (40.6%), whilst adenocarcinoma was the least common subtype. More than half of carcinomas were grade 2 (53.1%), and about 59% of them were not associated with bilharzial cystitis. Approximately, 31% of carcinomas invaded the muscle layer and the remaining (68.7%) invaded down to the perivesical tissue (Table 1) .
Her-2/Neu overexpression and its association with the tested variables
Among the 32 investigated bladder carcinomas, Her-2/Neu membranous staining was observed in 20 tumors (62.5%) ( Fig. 1 ). Her-2/Neu was more frequently overexpressed in female patients (75%), adenocarcinomas and squamous cell carcinomas (80% and 64.3% respectively), grade 3 carcinomas (92.3%) and carcinomas invading the perivesical fat (pT3) (81.8%). However, Her-2/Neu immunopositivity was nearly equal in both bilharzial-associated carcinoma and non-associated carcinomas. A significant direct association was observed between Her-2/Neu protein overexpression and both increasing grade of carcinoma (P = 0.001) (Fig. 2) , and depth of tumor invasion (P ≤ 0.001). In contrast, other tested variables including patient's gender, tumor histological subtype and the presence or absence of bilharzial cystitis did not have any significant association with Her-2/Neu expression profile (P = 0.272, 0.317, 0.929 respectively) ( Table  1) .
Discussion
Lately immunohistochemical studies on urinary bladder carcinomas are focused on the evaluation of several markers involved in the cell cycle control, with the aim of assessing the predictive factors of the disease [21] . The prognostic value of Her-2/Neu in bladder carcinoma has not yet been established; however, the success of trastuzumab therapy in patients with breast carcinoma has stimulated interest in exploring the potentiality of using this therapy for patients with bladder carcinoma [7, 22] . There are wide variations in the reports of different investigators regarding the frequency of Her-2/Neu expression in urinary bladder carcinoma, however, several studies that employed immunohistochemistry to detect Her-2/Neu overexpression in urothelial carcinomas, have yielded a tremen- dous range of positive expression rates in contrast to studies based on gene amplification [19, 22] . A possible explanation is that, Her-2/Neu protein overexpression is believed to arise from a combination of two mechanisms. The first is gene amplification which is not a common mechanism in bladder cancer [3] . The second mechanism is upregulated transcription which reflects the nature of the Her-2/Neu protein as a growth factor. Therefore, higher levels of transcription factor, even in the absence of gene amplification result in increased Her-2/Neu protein expression [23, 24] . In the present series, Her-2/Neu expression was assessed by immunohistochemistry (IHC), which is the method most commonly used for breast cancer. There was a positive Her-2/Neu status in 62.5% of bladder carcinomas. This rate was within the range of previously published data [15, 17, 19, 22] , confirming the efficiency of IHC in the assessment of Her-2/Neu in bladder carcinoma.
In breast, ovarian, prostate, pancreatic and liver malignant tumors, Her-2/Neu overexpression is associated with bad prognosis [25] . Nonetheless, the prognostic significance of Her-2/Neu expression in urinary bladder carcinoma is highly controversial, with several conflicting results in the published literature. Thus, although a series of studies [3, 11, 15, 21, 26] , have reported a negative prognostic value and a more aggressive clinical behavior of Her-2/Neu expression in bladder carcinoma [21, 26] , others [11, 25] , have found no prognostic association, and some others [27, 28] , have linked it to a better clinical outcome. In the current series, Her-2/ Neu overexpression was significantly associated with tumor differentiation grade as well as the depth of tumor invasion with the overexpression more prevalent in the high grade and deeply invasive specimens reflecting the aggressiveness of the tumor cells. This is consistent with the findings of several recent reports [7, 20, 21, 25, 26, 29] , in which Her-2/ Neu overexpression was represented as a prognostic factor for adverse disease outcome [26] .
In agreement with El Gehani et al [22] , Her-2/Neu did not show any association with patient gender in the present cohort. In the later study [22] , which included 39 bladder carcinomas of different histological subtypes, Her-2/Neu expression was higher in transitional cell carcinoma (TCC) and adenocarcinomas (AC) as compared to squamous cell carcinoma (SCC) with a significant statistical difference. These findings were contradictory to the data obtained from the current work, as well as from a study by Eissa et al [30] , since higher Her-2/Neu expression rates were observed in AC and SCC compared to TCC with no significant difference between groups. These discordant results may be attributed to the small number of AC and SCC samples tested in the former study [22] . Additionally, the presence or absence of bilharzial cystitis seemed to have no effect on Her-2/Neu expression profile among the present cohort. Similarly, Eissa et al [30] , confirmed that no significant difference does exist between the bilharzial and nonbilharzial cancer groups.
In conclusion, differences in both the incidence of Her-2/Neu expression and its prognostic significance in bladder carcinoma could be explained by different methodologies (gene amplification versus protein overexpression), or different techniques used (PCR, fluorescence in situ hybridization, and immunohistochemistry), and different antibodies applied for IHC, in addition to the inconsistent criteria set for detecting IHC positivity. Thus, the literature in this field is extremely difficult to compare, and significant conclusions are hard to draw from the aggregate data [7, 11, 22] . Nevertheless, our results suggest that the Her-2/Neu expression could offer supplementary information for prognosis in patients with invasive bladder carcinoma, being observed in a considerable proportion of cases with association to adverse prognostic factors. Comprehensive researches with larger sample sizes are needed for further elucidation of the role of this oncogene in bladder carcinoma. Moreover, patients with bladder cancers should be tested for Her-2/Neu status for selection of proper candidates who may benefit from adjuvant Her-2/Neu-targeted therapies after radical cystectomy.
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